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Abstract. Given the current trends, it seems inevitable
that all biological documents will eventually exist in a
digital format and be distributed across the internet. New
network services and tools need to be developed to increase
retrieval rates for documents and to refine data recovery.
Biological data have traditionally been well managed using
taxonomic principles. As part of a larger initiative to build
an array of names-based network services that emulate
taxonomic principles for managing biological information,
we undertook the digitization of a major taxonomic refer-
ence text, Nomenclator Zoologicus. The process involved
replicating the text to a high level of fidelity, parsing the
content for inclusion within a database, developing tools to
enable expert input into the product, and integrating the
metadata and factual content within taxonomic network
services. The result is a high-quality and freely available
web application (http://uio.mbl.edu/NomenclatorZoologicus/)
capable of being exploited in an array of biological infor-
matics services.
Introduction
In 1969, Raath described a new species of dinosaur with
fused foot bones that he named “Syntarsus,” (Raath, 1969),
unaware that a hundred years earlier a beetle had been
named Syntarsus by Fairmaire (Fairmaire, 1869). The codes
of nomenclature explicitly disallow the use of the same
name for two organisms. The mistake was discovered by
CSIRO’s Adam Slipinski, a beetle expert who started a
dispute over nomenclatural ethics (Holden, 2002) when he
and his colleagues proposed a replacement name, Megap-
nosaurus, which roughly translates to “big dead lizard” (Ivie
et al., 2001).
The significance of this tale is that the creation of the
duplicate name, a homonym, did not come to light until
2001, over 30 years after the name was used a second time.
During this period, the word Syntarsus lacked an unambig-
uous meaning. This reflects the poor state of information
management for biology (Agosti and Johnson, 2002; Stein,
2002). A systematic process for naming organisms has been
in place for over 250 years and in the case of animals is
regulated by the International Code of Zoological Nomen-
clature (International Commission on Zoological Nomen-
clature, 1999). A key task is to assign unique and formalized
names to organisms. In the age of digitization and gigabyte
data systems it may come as a bit of a surprise that a unified
and comprehensive catalog of names used for living (or
once-living) organisms does not exist. Efforts to create a
comprehensive online compendium of code-compliant ani-
mal names are only now starting (Patterson, 2003; Patterson
et al., 2003; Polaszek et al., 2005; Thorne, 2003).
The catalog of all of the estimated 1.75 million species
(Wilson, 2003) that have been described would be repre-
sented by a list of current valid code-compliant names. For
informatics purposes, we need to compile all names that
have ever been used to refer to taxa. A catalog of recorded
names of living and extinct taxa will be substantially larger
and more encompassing than a compilation of code-com-
pliant names. Each species may be represented by two or
even dozens of previously valid names, as well as by an
array of lexical variants, mistypings, and vernacular names.
Such names, valid or invalid, spelled correctly or not, an-
notate data relating to organisms. Together, they form an
extensive vocabulary of metadata terms that can be ex-
ploited for data search and retrieval. That role can be
enhanced by supplementary ontologies which link together
names that refer to the same organisms or which place the
names within hierarchical arrays. Such extensions underpin
taxonomic indexing services (Patterson et al., 2006) that can
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overcome challenges in finding information for organisms
whose names have changed, because they help to determine
if a single name has been used to refer to more than one
organism or if there is more than one name for a taxon, and
they can provide a general taxonomic placement for a name.
The Universal Biological Indexer and Organizer (uBio)
project was established at the Marine Biological Laboratory
Woods Hole Oceanographic Institution (MBL/WHOI) Li-
brary in response to the need for a comprehensive compi-
lation of names and their relationships. With support from
the Andrew W. Mellon Foundation, the MBL/WHOI library
has developed a suite of network tools that revolve around
a central Taxonomic Name Server (www.ubio.org). In
2004, the MBL/WHOI Library identified a number of tax-
onomic texts as priority targets for digital conversion. These
texts were prioritized because of their nomenclatural cov-
erage or because they allowed the exploration of modeling
taxon concepts. They included a Smithsonian taxonomic
bulletin, The Catalog of Living Whales (Hershkovitz, 1966),
and now available at http://uio.mbl.edu/Hershkovitz/; and
Nomenclator Zoologicus (Neave, 1939–1996).
A key component of the uBio strategy for assembling a
compilation of names has been to catalog names of genera.
A name that is given to a species is in the form of a binomial
(Syntarsus kayentakatae) with the species name preceded
by a parent genus. As there are about 10 species per genus
on average, and as determining the identities of genera is
considerably easier than determining the identities of spe-
cies, a compilation of all generic names would require two
or three orders of magnitude less effort than cataloging all
species names (Patterson, 2003). A compilation of generic
names provides a dictionary that can be used in the auto-
mated discovery of species names in documents, and also
provides a framework around which species names can be
assembled. The compilation of generic names therefore
allows for the more rapid introduction of a taxonomic
cyberinfrastructure for all taxa, and will accelerate the com-
pilation of all names of all species.
Nomenclator Zoologicus is a catalog of the bibliographic
origins of the names of every genus and subgenus in the
published literature since the tenth edition of Linnaeus’
System Natureae in 1758 (Linnæus, 1758) up to 1994. An
estimated 340,000 genera are represented in the text and
there are approximately 3000 supplemental corrections. It
provides a nucleus of core genera data and is recognized as
an essential reference document by the zoological taxo-
nomic community. The list provides bibliographic details to
allow the original descriptions to be found, and provides
synonymies and general taxonomic placement for useful
information retrieval purposes. Moving Nomenclator Zoo-
logicus from a print to a web database interface creates
opportunities for new tools and enhances inquiry. Search
queries cross all volumes instantly. Hundreds of thousands
of records can be collated and summarized to reveal patterns
that would be completely impractical to compile any other
way. A quick search of the database (Fig. 1) reveals the
Syntarsus problem.
Methods: Producing the Digital Document
The MBL/WHOI library worked in close collaboration
with the Zoological Society of London, the publisher of the
Nomenclator Zoologicus.
Names of an estimated 340,000 genera (Table 1) are
listed in Nomenclator Zoologicus alphabetically. Each has a
bibliographic reference to the original description and an
indication of the animal group to which it belongs. There are
approximately 3000 supplemental corrections.
The bibliographic records follow a relatively consistent
format containing the name, author reference, year of pub-
lication, publication reference, and a general taxonomic
category for the genus (Fig. 2). In addition, some records
contain nomenclatural or cross-reference annotations. A
dagger (†) indicates an extinct taxon.
The common components of the records were used as a
framework for parsing the records into a set of columns
(Table 2) as a prelude to moving the contents into a database
management system.
In respect to conversion of the text to a digital format,
pages were first scanned manually, and the resultant image
files were passed to a commercial optical character recog-
nition application that resulted in text conversion accuracies
ranging from 95%–99%. This accuracy rate was unaccept-
ably low because it required excessive pre-release editorial
Figure 1. The homonyms—Syntarsus in the digital Nomenclator Zoologicus.
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verification, so the approach was rejected in favor of using
a commercial text conversion company offering 99.995%
accuracy.
The converted files were provided as UTF-8 encoded,
tab-delimited text files corresponding to the individual vol-
umes. In addition to the seven columns identified from the
actual text (name, author, year, publication, group, extinct,
annotation), additional fields were added to indicate the
source volume and page number for each record.
The text files were then imported into a desktop database
management system, (Filemaker Pro 7.0) for an initial
round of quality assessment. A number of quality tests were
run to evaluate the quality of the conversion process. Ma-
terial was re-digitized if it failed to achieve high quality.
One test examined columns known to contain a particular
class of data and searched for exceptions. Page and volume
columns, for example, should contain only integers. Simply
sorting the columns allowed all non-integer values to be
grouped together for scrutiny. A second approach was to
export a summarized list of distinct column values. The
group column is expected to contain zoological group
names only. There were fewer than 3500 unique entries in
this field for the entire 340,000 records. Within such a
short list, erroneous data such as integers, authors, or pub-
lication information are easily identified. Other tests in-
volved searching for blank records where data should ap-
pear, or locating particular terms such as “See”—a common
component in the Annotation field (e.g., “See Actaeonema
Conrad 1865). The occurrence of strings such as this within
other columns revealed parsing errors.
Patterns assisted in the parsing of the converted data into
columns. The ‘Group’ field is formed by a name preceded
by a dash and is often the last element in a record. Using an
expression “a dash followed by a word represents the end of
a record” holds true in the majority of cases, but in some
cases a dash was a legitimate part of a different column,
such as within a publication reference. In these instances,
the record would be prematurely truncated. As a conse-
quence, future conversions of similar documents would
benefit from having two versions of the converted file
available for review—the final parsed version and an un-
parsed raw form. The lengths of corresponding record pairs
could be compared, and these would reveal any cases of
truncation. This is desirable because, after the final editorial
rounds, truncations are the main source of editorial correc-
tions.
An array of techniques were employed to locate and
identify typographical errors. Searches within the authority
year column are expected to find dates beginning with 18**
and 19**. Searches were made for strings containing “i8,”
“i9,” “l8,” or “l9,” where a numeric 1 was mistakenly
interpreted as the letters “i” or “l.” Other optical character
reading errors included the conversion of the name “Bru¨nn”
to “Briinn.” We manually checked pages where the names
contained diacritical marks. Such errors were sufficiently
frequent that they required five iterations, and the final
process involved “double-keying.” This confirmed the view
that optical character reading methods were inadequate to
meet the challenges of creating a high fidelity electron
version of the text of Nomenclator Zoologicus.
Once vetted to adequate standards, the converted volume
files were imported to mySQL. The contents of all nine
volumes were collated into a single table and assigned
unique sequential record identifiers. Several additional col-
umns were added at this stage. The “Corrigenda Flag”
identifies records that are part of the Addenda and Corri-
genda sections of volumes 4–9. Corrigenda records include
a second reference to a name, and the flag allows them to be
discriminated from true homonyms. The attribute was set by
Table 1
Composition of the Nomenclator Zoologicus volumes—including
individual corrigenda and addenda
Volume Dates Pages Records*
1 [A-C] 1758-1935 957 53,944
2 [D-L] 1758-1935 1025 58,007
3 [M-P] 1758-1935 1065 60,447
4 [Q-Z] 1758-1935 758 42,562
5 1936-45 308 18,310
6 1946-55 329 18,556
7 1956-65 374 20,249
8 1966-77 620 29,703
9 1978-94 747 41,146
Total 6183 343,143
Figure 2. Several typical records from Nomenclator Zoologicus.
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applying the value of ‘1’ to all records falling inside the
Corrigenda page range for each volume. All other records
received a value of 0. An addenda flag represented new
records (not duplicates) within the Addenda and Corri-
genda. A “homonym flag” was set for all records that
included a string in the “name” column that was duplicated
in any other record for any reason. This flag was applied to
all true homonyms and duplicate records, and it served as an
alert that the record may require further scrutiny.
Approximately 61,000 records contain information
within the “annotation” column. Of these, about 55,000
refer to different names within the collection. These cross-
references usually identify a synonym or orthographic vari-
ant of the name, such as ‘Abala (err. pro Ababa Casey
1897)’. In a significant number of cases, the cross-refer-
enced name was incomplete [‘Abanchogaster (pro-gastra
Perkins 1902)’] and required intervention to infer the actual
name—which in this case is Abanchogastra. The cross-
references were mapped in stages, starting with automated
processes and proceeding to manual review as required. A
combination of custom perl and PHP scripts were employed
with databased components to assist in the process.
Results: The Product and Editorial Applications
The online version of Nomenclator Zoologicus is com-
posed of a set of PHP scripts interfacing a mySQL database
running on a Linux-based computer. The online application
has three major components: the database interface, a page
image browser, and supporting documentation. This is sup-
plemented with an online editor.
The database interface is divided into three primary com-
ponents: a search interface consisting of a simple and ad-
vanced search form; a search results interface providing
paged, tabular output of query results; and a record detail
page that contains the full data record, associated cross-
reference information, and user-annotations.
The simple search feature provides a single primary input
field that, by default, searches all the text-containing col-
umns in the database using a “contains” search qualifier—
similar to the popular online search engines. The search
function allows some limits to be added to the query and
allows searches for specific volumes or pages. An advanced
search option provides input fields for all six string-contain-
ing columns for more precise Boolean searching. The “con-
tains” qualifier can be turned off for more precise searching
and file globbing operators (e.g., “Ab*” to find strings
beginning with ‘Ab’) are supported.
The search results page provides a paged tabular view of
search results. The results are divided into page groups of
500 records with page navigation options both top and
bottom. Each displayed record consists of the entire core
data record. A set of icons preceding each record provides
addition links and qualifiers. A hyperlink on the name string
leads to a record detail page. (Table 3)
The record detail differs from the tabular record in the
results page only by mapped cross-references or reviewer
annotations (if present). The record page is the point where
a user can add new annotations.
Digital page images are available in both PNG and PDF
format. They can be accessed by the search interface and by
a separate page browser. The browser interface is intention-
ally simple. Users begin page browsing via an image-
mapped representation of the nine volumes on a bookshelf.
The front matter from each volume is linked separately via
numbered links. A previous and next button navigates
through the pages, or a user can enter a volume and/or page
number to jump to that page image. The data represented in
a page is hyperlinked to the search results page.
The documentation of the online application contains
background information on the project, technical details
regarding the development of the database, a schema, and
some pre-computed results of queries not available in the
online application. These include record summaries
Table 2
Records as parsed into columns
Name Author Year Publication Group Extinct Annotation
Bathysphaera Beebe 1932 Bull. New York zool. Soc., 35, 175 Pisces No
Cylindrus Deshayes 1824 Dict. Class. H.N., 5, 236 Moll. No (emend. pro - der Montfort 1810)
Bathystoma Marsson 1887 Pal. Abh., 4, 88 Bry. No (See Bathystomella Strand 1928.)
Table 3
Record icons and their meaning
Review Status: record has not been manually verified
Review Status: record has been anonymously manually verified
Review Status: record has been manually verified
Hyperlink to the PNG page image containing the record
Record contains cross-reference information via the record
detail page
Record contains annotations submitted by one or more users
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grouped by year and author, as well as a complete list of
homonymous names. This format is not completely accurate
because of duplicates within the volumes themselves, inde-
pendent of the Corrigenda. Homonyms are identical names
that refer to different taxa. Identification of homonyms
within the Nomenclator Zoologicus was confounded by the
occurrence of duplicate records within the text. The proce-
dure for setting the homonym flag was to examine potential
homonym groups. If the sole members of the group were
determined to be identical, the flag was set to zero. If at least
two members of a group were determined to be different,
the flag was set to one. Members of these groups may still
contain some duplicates, which are retained to preserve the
fidelity of the original.
The online version of Nomenclator Zoologicus was an-
nounced and made public in December 2004 via the uBio
website (http://www.ubio.org) where the work was under-
taken, and an email announcement was sent to the email-
based list server TAXACOM, a biological systematic and
biocollections discussion list. The positive response to the
Nomenclator Zoologicus online version led to the next steps
for the data conversion. The high quality of the final draft
from the contractor, combined with our automated and
assisted review tools, assured that the released version was
of a very high fidelity, but a manual review could bring the
overall quality of the conversion to nearly 100%.
An online editorial application was developed to enable a
wide community of experts in the taxonomic community to
edit and annotate the electronic Nomenclator Zoologicus as
a part of the process of quality control (Fig. 3). The appli-
cation simplifies the task of comparing the new digital
records with the original printed version.
Shortly after the release of the first online version, a
mailing was sent to the TAXACOM list-serve seeking vol-
unteers from the community to assist in a manual review of
the records. Volunteers were assigned 100-page blocks and
were asked to compare each digital record with its corre-
sponding print original to ensure that the conversion intro-
duced no new errors.
The application consists of a combination of PHP code
and JavaScript. The application presents a screen containing
both the page image and the converted digital record. The
page image and the digital record can be positioned inde-
pendently in order that the two can be aligned. When the
two records are optimally aligned, it is relatively easy to
compare the two records.
When a record is reviewed, the reviewer has three op-
tions. The first affirms that the two records match, and the
next record is presented. The second “Correct” option pro-
vides a form where the reviewer can make a correction to
bring the record in concordance with the original. In actu-
ality this correction is made to a duplicate record that is kept
separate until a further review determines whether the
change is accurate. If it is, the correction is made. The third
option allows the reviewer to add new annotations to the
record. There are numerous, and in some cases, well-known
errors within the Nomenclator Zoologicus. These errors are
part of the printed record, and are preserved. These errors
have not been corrected, but the records are annotated using
a “Comment” option.
In the application, a JavaScript-based red horizontal rule
can be placed on top of the page image to help locate items
in the print record. After reviewing a record and proceeding
to the next, the application can scroll the page image to the
next record. This requires the page image to scroll by the
correct amount. There is no direct correlation between the
Figure 3. The Nomenclator Zoologicus editorial review application.
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page image file (a PNG or PDF file) and the resultant digital
record, so this is not a simple requirement. The application
relies on knowledge that, on average, a line is composed of
119 characters and is 12 pixels in height. There remain some
challenges because of imprecisely aligned images. This
problem is corrected by allowing the reviewer to manually
position the page at any time. The digital record can be
moved horizontally to align the left boundaries of the two
records for easier comparison.
During the past 6 months, expert taxonomists worldwide
have reviewed 877,176 characters— tens of thousands of
records—and verified the accuracy of the initial conversion.
To date, only 33 characters have required correction, indi-
cating that the digital conversion process achieved an accu-
racy rate of 99.97%.
Volume 10 of the printed version of Nomenclator Zoo-
logicus was provided in digital format in October 2005 and
was added without complications to the database.
Discussion
The primary uses of the electronic Nomenclator Zoologi-
cus are the same as those of the printed version. It can be
used to establish whether a name has already been used for
a genus, and to locate the source of a code-compliant name.
Since going online, 232,568 searches have been performed
on the collection of names. Only 52,761 pages (full-screen
shots) were browsed, indicating that most users rely on the
converted data and do not verify from the page image.
Queries have come from 5503 unique IP addresses. Al-
though this may appear trivial compared to most web sta-
tistics, it is worth bearing in mind that the taxonomic
community has been estimated as having as few as 6000
individuals (Wilson, 2003). The usage statistics of the online
Nomenclator Zoologicus suggest that this is an underestimate.
Nomenclatural compilations are invaluable to avoid the
creation of homonyms. A simple search in the online No-
menclator Zoologicus version identifies more than 21,000
homonym groups, with some of the most common generic
homonyms listed in Table 4. The availability of such tools
would have solved the Syntarsus problem in an instant.
Certain useful information summaries, such as those in-
cluded in the online documentation section, are relatively
easy to generate from a digitized version of the data. A
summary by author, for example, reveals that Linnaeus was
not even in the top 100 most referenced authors (he was
123rd).
In response to a request, we have examined the suffixes of
genera names for evidence in favor of developing standard
conventions for suffixes of generic names. It might be
realistic to use standardized endings, such as the –idae
ending for families of animals and –ini for tribes. Ninety-
one percent of all genera names in Nomenclator Zoologicus
end with -a, -s, or -m. This insight has proven valuable in
other contexts. As indicated earlier, the uBio project has
developed tools to discover names in source documents.
Our compilation of generic names forms a dictionary that
helps to confirm that a string refers to a species name.
Knowing the most likely termini of name-strings is also
used in our names recognition tools.
The development of the online Nomenclator Zoologicus
is a significant step toward meeting the informatics needs of
taxonomists and in providing the foundations of informatics
tools for biological information management. The online
version of Nomenclator Zoologicus will remain a stand-
alone web site, but it is also currently being incorporated
into the NameBank names registry that already holds almost
4 million name strings. The enhancements include the cat-
aloging of genera that are in NameBank but were not in the
original Nomenclator Zoologicus. This will allow the orig-
inal to remain distinct yet also a component of this larger
collection and will make the names accessible via web
services for more flexible and widespread use.
The inclusion of the zoological genera missing from
Nomenclator Zoologicus, coupled with lists of genera of
plants, fungi, prokaryotes, and protists, is providing the
foundation for the accelerated assembly of a compendium
of all names of all species. That compendium serves as the
foundation layer of a multi-part biological names-based
cyberinfrastructure for biology.
As the use of Nomenclator Zoologicus online continues
to grow, taxonomists have offered additional lists of names
to supplement the collection. This response reflects the
value of a unified and comprehensive listing and the re-
wards of the internationalization of taxonomy through a
cyberinfrastructure.
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